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In the title solvate, [Cu4(/X2-Cl)6(/X4-0)(C4H9NO)4]-2CH30H, 
each Cu^* ion in the tetranuclear complex has a trigonal- 
bipyramidal coordination arising from three bridging chloride 
ions in equatorial positions and the central /X4-0^^ ion and 
morpholine N atom in axial positions. The morpholine rings 
adopt chair conformations, with the N— Cu bonds in 
equatorial orientations. In the crystal, the components are 
linked by N-H- ■ O and O-H- ■ O and O-H- ■ CI hydrogen 
bonds, which generate a three-dimensional network. One 
methanol molecule is disordered over two sets of sites in a 
0.642 (9):0.358 (9) ratio. 

Related literature 

For the chemistry and properties of polynuclear copper(II) 
complexes, see: Bertrand & Kelley (1966); Pavlenko et al. 
(1993); Linert et al. (1993); Bowmaker et al. (2011). For their 
role in the redox processes of biological systems, see: 
Erecinska & Wilson (1978). For details of the synthesis and 
structure of bis(A',A''-morpholido)-[(A'^"-morpholido)-carbox- 
amido]phosphate, see: Gubina et al. (1999). For the synthesis 
and structural investigation of copper-oxygen clusters and 
related materials, see: Weinberger et al. (1998); Roy & 
Manassero (2010); Bowmaker et al. (2011); Chivers et al. 
(2005); Li et al. (2011); Willett (1991). For standard copper- 
copper bond lengths, see: van Niekerk & Schoening (1953). 
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Experimental 

Crystal data 

[Cu4Cl60(C4H5NO)4] -2^40 
M, = 895.43 
Monoclinic, P^Jn 
a = 11.149 (2) A 
b = 15.753 (3) A 
c = 18.905 (4) A 
= 92.50 (3)° 

Data collection 

Kuma/Oxford Instruments KM4 
diffractometer 

Absorption correction: analytical 
(CrysAtis RED; UNILIC & 
Kuma Diffraction, 2000) 
r„,i„ = 0.516, r„„,, = 0.580 

18695 measured reflections 

Refinement 

R[F^ > 2a(F^)] = 0.054 
wR(F^) = 0.092 

5 = 1.05 

5761 reflections 
381 parameters 

6 restraints 



Table 1 

Selected bond lengths (A). 



V = 3311.1 (11) A-' 
Z = 4 

Mo Ka radiation 
jU = 3.05 mm^' 
T = 100 K 

0.25 X 0.25 X 0.20 mm 



5761 independent reflections 
4330 reflections with / > 2a(l) 
Rin, = 0.069 

5 standard reflections every 300 
reflections 

intensity decay: 1.2% 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„,„ = 0.45 e A"^' 

Ap„i„ = -0.55 e A"^ 



Cul-Ol 


1.906 (3) 


Cu3-01 


1.910 (4) 


Cul-Nl 


1.981 (5) 


Cu3-N3 


1.983 (5) 


Cul-C13 


2.4159 (16) 


Cu3-a2 


2.4011 (16) 


Cul-Cll 


2.4224 (16) 


Cu3-a6 


2.4124 (16) 


Cut -012 


2.4339 (17) 


Cu3-a4 


2.4888 (15) 


Cu2-01 


1.906 (4) 


Cu4-01 


1.907 (3) 


Cu2-N2 


1.971 (5) 


Cu4-N4 


1.985 (5) 


Cu2-C15 


2.3917 (17) 


Cu4-a5 


2.3788 (16) 


Cu2-C13 


2.4386 (16) 


Cu4-C16 


2.3962 (17) 


Cu2-C14 


2.4478 (17) 


Cu4-Cll 


2.4312 (16) 
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Table 2 

Hydrogen-bond geometry (A, °). 



D-H- • A 


D-Yl 


Yl-A 


D-A 




N1-H1-05' 


0.84 (3) 


2.22 (3) 


3.060 (6) 


177 (5) 


N2-H2- ■ 06" 


0.84 (3) 


2.18 (3) 


2.987 (8) 


161 (5) 


N3-H3-08'" 


0.84 (3) 


2.05 (3) 


2.871 (6) 


167 (5) 


N4-H4- ■ 07" 


0.84 (3) 


2.30 (3) 


3.121 (12) 


165 (5) 


07-H7C- ■ 04 


0.82 


1.92 


2.531 (12) 


130 


08-H8- ■ 02 


0.82 


1.91 


2.724 (6) 


173 


06-H6C- ■ -ar 


0.82 


2.39 


3.209 (7) 


177 


Symmetry codes: (i) x-\ 


5, -y + \,z 


- k' (ii) ^ - J. -y - 


)- J, z - j; (iii) 


—X, —y, —z; (iv) 


x-l,y, z; (v) -x + \,y 


2' 2- 









Data collection: KM-4-CCD Software (UNILIC & Kuma 
Diffraction, 2000); cell refinement: KM-4-CCD Software; data 
reduction: KM-4-CCD Software; program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for 
Windows (Farrugia, 20i2); software used to prepare material for 
publication: WinGX (Farrugia, 2012). 

This work was supported by the Kiev National Taras 
Shevchenko University. 



Supporting information for this paper is available from the lUCr 
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Hexa-//2-chlorido-;£4-oxido-tetrakis[(morpholme-/(:N)copper(ll)] methanol 
disolvate 

Kateryna Gubina^ Vladimir Ovchynnikov and Vladimir Amirkhanov 

1. Introduction 

Polynuclear copper (II) complexes have been known for a long time and studied comprehensively (Bertrand et al, 1966; 
Pavlenko et al, 1993; Linert et al, 1993; Bowmaker et al, 2011). On the one hand they play significant role in the redox 
processes of biological systems (Erecinska et al, 1978) and exhibit an interesting pattern of magnetic and electronic 
interactions in the copper-oxygen cluster (Willett et al, 1991, Chivers et al, 2005, Li et al, 2011). On the other hand in 
the case of systems involving copper (II) salts and nitrogen bases the presence of air and moisture leads to formation of 
occasionally crystallizing copper (II) substances. (Weinberger et al, 1998, Roy et al, 2010). They are mteresting m their 
own right, providing some important model compounds, subjected to subsequent 'rational' synthesis (Bowmaker et al, 
2011). Herein we describe the structure of such kind complex of the general composition [Cu40Cl6(C4H9NO)4] -2CH30H 
and compare with the similar acetone containing coordination compound, that was published by Weinberger et al, 1998. 

2. Experimental 

All chemicals were commercial products of reagent grade and were used without fijrther purification. Solvents were used 
as supplied or were distilled using standard methods. 

Elemental analysis (C, H, N) was carried out on an Elementar Vario Micro Cube elemental analyzer. Cu ion was 
determined using of Perkin-Elmer AAS Analyst 400. 

IR spectra were recorded using KBr pellets on a Perkin-Ebner Spectrum BX FTIR spectrophotometer in the range of 
4000 to 400 cm-i. 

Initial ligand (HL= 0C4H8NC(0)NHP(0)(C4H8N0)2) (Scheme, Fig.3) for the synthesis of (I) was prepared according to 
the method of (Gubina et al, 1999). The sodium salt NaL was obtained fi-om a methanol solution by interaction of HL 
with sodium methoxide in equimolar ratio. An expected complex with the composition [Cu(L)2], has to be obtained by an 
exchange reaction according Scheme (a). Solutions of NaL (2mmol) in methanol (10ml) with a solution of hydrated 
copper(II) chloride (Immol) in methanol (15ml) were mixed. The resulted light green solution turned brown after a while. 
The composition of the precipitated substance was significantly different from the calculated for the complex [Cu(L)2]. 
Theoretically calculated for [Cu(L)2], C26H48NgOioP2Cu: C, 41.19%; H, 6.38%; N,14.78%; Cu, 8.38%.Found: C, 21.95%; 
H, 4.07%; N, 5.17 %; Cu, 25.5%. Theoretically calculated for [Cu40Cl6(C4H9N0)4]- 2CH3OH, C18H44CI6CU4N4O7: C, 
21.58%; H, 4.43%; N,5.59 %; Cu, 25.37%. 

Most likely the phosphorylated carbamide ligand was destruct under catalytic influence of a copper ion and moisture of 
air. The released morpholine molecules formed the new copper (11) coordination compound of the general formula 
[Cu40Cl6(C4H9NO)4] -20113011 (Scheme b). The product was filtered out, washed with cold methanol and dried in 
desiccator under CaCl2 (yield 67%). The compound was recrystallised from methanol yielding brown blocks of an 
methanol solvate [Cu40Cl6(C4H9NO)4] -20113011. The crystals slowly lost the solvent at room temperature. IR spectra of 
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obtained compound (I) show the absence of C=0 and P=0 bands. IR (KBr): JsCCHj) 1400 vs, JasCCHj) 1245s, v(CN) 
1040 vs, 4(CNC) 600 vs, v(Cu40) 580s, v(CuN) 443m, cm"'. 

2.1 . Synthesis and crystallization 

Slow crystallization from methanol. 

2.2. Refinement 

Crystal data, data collection and structure refinement details are summarized in Table 1. All H atoms of methyl methanol 
molecules and methylene groups of morpholine rings were calculated geometrically and subsequently treated as riding 
model, with C— H = 0.98 (methyl) C— H = 0.98 (methylene), Uis„(H) = 1.5Ueq(C) Uiso(H) = 1.2Ueq(C) respectively. H 
atoms of OH group of methanol molecules were detected in a difference Fourier and further refined with O — H = 0.82A 
and subsequently treated as riding model with Uiso(H) = 1.2Ucq(0). H atoms of the amine group were located in a 
difference Fourier map and further refined with similarity restraints for d(N — H) and Uiso(H) = 1.2Ueq(N). One 
methanol molecule is disordered, with occupancies of 0.642 (9) and 0.358 (9). 

3. Results and discussion 

Cu4(//4-0)(//2-Cl)6(C4Hc)NO)4] -2013011 (1) crystallizes in the centrosymmetric space group P2(l)/n with unit cell 
containing one independent molecule of tetranuclear Cu complex and two methanol solvent molecules (Fig.l). All copper 
ions have trigonal bipyramidal coordination figures with three CI atoms m equatorial positions and H4-O and N in axial 
positions. This complex displays the difference with many other Cu4Ca^-0)(«2-halogen)6L4 complexes reported in CCDC 
and also described in (Weinberger et al, 1998). The presently investigated hexa-chloro morpholine species can be 
expected to have a similar molecular structure like in published earUer Cu4(j«^-0)(«2-Cl)6(C4H9NO)4]- l/3(CH3)2CO (2) 
(Weinberger et al, 1998); however the unit cell of (1) containing one independent molecule of complex against in (2). 
Structure (1) has two molecules of methanol, one of them is disordered over two positions with degree of filling 0.64. 
Unlike the title compound (2) the structure (1) has the OH protons of methanol connected by hydrogen bonds with 
oxygen atoms of morpholine rings (Fig.2). Important bond lengths for (1) are shown in the Table 2. The distances Cu — O 
are 1.907A m average and metal-metal interatomic contacts are approximately 3.110 (1)A, which is longer than the value 
for standard copper-copper bonds (2.64A) (van Niekerk et al, 1953). The angles values Cu — O — Cu 109.82 (18)A 
suggest sp'-hybridization of the oxygen orbital. 

The values of interatomic distances Cu — ^N, Cu — O and Cu — CI agree well with reported ones for known complexes 
(Weinberger a/., 1998). 

A packing diagram of the compound (see Fig.2) reveals that due to various types of hydrogen bonds the 3D polymer is 
formed. All four hydrogen atoms of the NH groups of the morpholine rings form straight N — H- - 0 (CI) hydrogen bonds 
(Table 3). In addition each of desorded OH group of methanol also mvolved in the formation of hydrogen bonds system. 
The morpholine residues exhibit orientations relative to the {C\u{ji4-0)(ji2-C\)6'\ cores by which the Cu-bonded 
morpholine NH groups pomt with their N — ^H vectors halfway between two neighboring CI ions. The methanol molecules 
do not interact directly with one of the copper coordination centers of the halide bridges. 

We have noticed that the losses of methanol cause a decrease in crystalline of the substanstance as well as in (2) 
(Weinberger et al, 1998, Roy et al, 2010) . 

Solvate formation is relatively common in the family of the tetranuclear Cu — 0-hal complexes and has been reported 
for more than 50 of the known crystal structures included in CCDC. At the end it must be noted that the [Cu4(«^-0)(u2- 
Cl)6] core is quiet stable and is formed both as in the target synthesis, so as a side product of the various type reactions. 
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Figure 1 

View of molecule [Cu4(//4-0)(//2-Cl)6(C4Hc,NO)4] -201301:1]. All H atoms have been omitted. 




Figure 2 

Packing view diagram of (1). 
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+ CaCh 




OH 



Figure 3 

Scheme of the reaction. 

Hexa-^2-chlorido-|y4-oxido-tetral<is[(morpholine-A:iV)copper(ll)] methanol disolvate 



Crystal data 

[Cu4Cl60(C4H9NO)4] ■2CH4O 

M,= 895.43 

MonocUnic, P2i/n 

Hall symbol: -P 2yn 

fl= 11.149 (2) A 

^= 15.753 (3) A 

c= 18.905 (4) A 

y? = 92.50(3)° 

F= 3317.1 (11) A3 

Z = 4 

Data collection 

Kuma/Oxford Instruments KM4 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
CO scans 

Absorption correction: analytical 

{CrysAlis RED; UNILIC & Kuma Diffraction, 
2000) 

r„i„ = 0.516, = 0.580 
1 8695 measured reflections 



F(000)= 1816 
Z),= 1.793 Mgm-3 
Mo Ka radiadon, 1 = 0.71073 A 
Cell parameters from 23105 reflections 
6* =3.4-25.0° 
= 3.05 mm ' 
T= 100 K 
Block, brown 
0.25 X 0.25 X 0.20 mm 



5761 independent reflections 
4330 reflecdons with / > 2g{I) 
Rm = 0.069 

^^max = 25.0°, Omin = 3.4° 

/c = -18^18 
/ = -22^22 

5 standard reflections every 300 reflections 
intensity decay: 1 .2% 
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Refinement 

Refinement on 

Least-squares matrix: full 

R[P > 2a(F^)] = 0.054 

wRiF^) = 0.092 

S= 1.05 

5761 reflections 

381 parameters 

6 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difierence Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[o^(F„2) + (0.0306P)2] 

wheTeP = (Fo^ + 2F,y3 
(A/ct)„„< 0.001 
Apmax = 0.45 e 
Apwm = -0.55 e 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the fiill covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F^ against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of > 2a(F^) is 
used only for calculating /f-factors(gt) etc. and is not relevant to the choice of reflections for refinement, /f-factors based 
on F^ are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


U- *IU 


Cul 


0.11029 (6) 


0.20266 (4) 


-0.00488 (3) 


0.01943 (18) 


cu 


-0.06439 (12) 


0.16905 (9) 


0.06165 (7) 


0.0231 (3) 


01 


0.1733 (3) 


0.2528 (2) 


0.08065 (17) 


0.0182 (8) 


Nl 


0.0461 (4) 


0.1520 (3) 


-0.0946 (2) 


0.0202(11) 


HI 


0.105 (4) 


0.153 (4) 


-0.120 (3) 


0.024* 


CI 


-0.0588 (5) 


0.1985 (4) 


-0.1265 (3) 


0.0243 (14) 


HIB 


-0.0358 


0.2569 


-0.1350 


0.029* 


HIA 


-0.1224 


0.1991 


-0.0931 


0.029* 


Cu2 


0.21716(6) 


0.36779 (4) 


0.06401 (3) 


0.01899(18) 


C12 


0.27880 (14) 


0.10492 (9) 


0.00872 (7) 


0.0281 (4) 


02 


-0.1338 (4) 


0.0715 (2) 


-0.18659(19) 


0.0304 (10) 


N2 


0.2632 (4) 


0.4869 (3) 


0.0481 (2) 


0.0204(11) 


H2 


0.317(4) 


0.485 (4) 


0.018 (2) 


0.025* 


C2 


-0.1063 (5) 


0.1598 (4) 


-0.1953 (3) 


0.0254 (15) 


H2B 


-0.1782 


0.1899 


-0.2117 


0.030* 


H2A 


-0.0469 


0.1660 


-0.2309 


0.030* 


Cu3 


0.30689 (6) 


0.18666(4) 


0.11536 (3) 


0.02035 (18) 


C13 


0.15197(14) 


0.33820 (9) 


-0.05832 (7) 


0.0301 (4) 


N3 


0.4437 (4) 


0.1155 (3) 


0.1505 (2) 


0.0192(11) 


H3 


0.416 (5) 


0.067 (2) 


0.142 (3) 


0.023* 


03 


0.2561 (4) 


0.6693 (3) 


0.0666 (2) 


0.0381 (11) 


C3 


0.0162 (5) 


0.0602 (4) 


-0.0896 (3) 


0.0265 (15) 


H3B 


-0.0442 


0.0523 


-0.0548 


0.032* 


H3A 


0.0874 


0.0288 


-0.0739 


0.032* 



Occ. (<1) 
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f\ AC 1 AO ( £i\ 

O.Uj 14o (o) 


0.2 j2 lb (4) 


A lyion /'0\ 

0.1483 / (3) 


A A 1 A/C 1 /"I 0\ 

0.01961 (18) 


C14 


0.41882 (12) 


A O T> '> O /AA 

0.32233 (9) 


A 1 A /I A 1 /0\ 

0.10401 (8) 


A AO A A /O \ 

0.0244 (3) 


N4 


-0.0769 (5) 


0.2534 (3) 


A O 1 TA /0\ 

0.2179 (3) 


AAOT/1 /10\ 

0.0274 (12) 


XJ/I 


— O.Oyo \p) 


0.203 \1) 


A OOO /0\ 

0.228 (5) 


A A'3'2* 
0.033^ 


U4 


l).ooo4 (J ) 


A AQ/I "2 /TA 

U.Uo43 (1) 


n OA/CA /OA 

0.2060 (Z) 


0.02 /4 (10) 


C4 




A AO CO /yl \ 

0.020 8 (4) 


—0.1606 (3) 


A AO O A / 1 n\ 

0.0339 (1 /) 


H4B 


0.0320 


A AOAA 

0.0299 


A 1 A /I Z" 

-0.1946 


A A y1 1 A 

0.041* 


H4A 


-0.0510 


A AO O T 

-0.0337 


-0.1556 


0.041* 


CO 




A /I AT a /: /A\ 

U.4U330 (yj 


A 1 /I AT"? /0\ 

U.14U/ / (B) 


A AOAO i A\ 

U.UjUo (4j 


r\z 
UD 


—U.Z4ZI (4) 


Alloc /I \ 

0.338j (3) 


A "5 AO 1 /0\ 

0.3061 (2) 


A AT AO / 1 A\ 

0.0302 (10) 


C5 


0.1673 (6) 


A C/110 /" A\ 

0.5418 (4) 


A A 1 /I 1 

0.0141 (3) 


A A1 /I A /I 

0.0340 (17) 


H5B 


A A AO O 

0.0988 


0.5435 


0.0439 


0.041* 


H J A 


0.i4ii 


i IJ 




A A/1 1 * 


C16 


A 1 OA/'A /I 0\ 

0.18960 (13) 


A 1 zm/' /A\ 

0.16776 (9) 


0.21846 (7) 


A A'^ A^ /ON 

0.0247 (3) 


Co 


A 1 1 o A /zr\ 

0.2130 (6) 


0.6318 (4) 


A AAOT / /I \ 

0.0027 (4) 


A A yl /0\ 

0.046 (2) 




A T7TA 
O.Z / /U 


0.6304 


A AO A A 

— U.03U4 


A AC C * 

0.055^ 




A i A O A 

0.1484 


0.6662 


A A 1 "7 A 

-0.0179 


A AC C sk 

0.055* 


C7 


A "1 1 A'^ 

0.3103 (5) 


A f\'~l /" A\ 

0.5307 (4) 


A 1 1 /I 1 /0\ 

0.1141 (3) 


0.0256 (14) 


H/ts 


A '> A 

0.377U 


A AC\0 H 

0.4986 


AIT CA 

0.1350 


A AO 1 sk 

0.031^ 


H/A 


0.2478 


A CO O O 

0.5332 


A 1 /I O 1 

0.1481 


A AO 1 * 

0.031* 


Co 


A -2 C 1 /I /c\ 


0.0190 (4) 


0.09/0 (j) 


0.02o5 (15) 


H8B 


A O O 1 T 

0.3817 


0.6466 


A 1 /I AO 

0.1408 


A AO Oik 

0.032* 


TTO A 

H8A 


0.4165 


0.6168 


0.0652 


A AO O * 

0.032* 


(Jo 


A 1 C //I \ 

— 0.3o3j (4) 


0.05 /6 (3) 


(\ ^ A A A /0\ 

—0.1444 yZ) 


A A'JCA /I 1\ 

0.0350 (11) 


TTO 


—0.2966 


A A^ 1 

0.0612 


A 1 ZTA^ 

—0.1606 


A A/I * 

0.042* 


C9 


A 4 OA /I /C\ 

0.4804 (5) 


0.1266 (4) 


A O O O /O \ 

0.2268 (3) 


A AOC/" /I C\ 

0.0256 (15) 


H9hS 


A /I 1 OA 

0.4129 


A 1 1 O /I 

0.1134 


A O C C ^ 

0.2556 


A AO 1 * 

0.03 1* 


T Tn A 


A C AO /I 

0.5024 


A 1 O C /I 

0.1854 


A O O C C 

0.2355 


A AO 1 sfc 

0.031* 


CIO 


n coo /c\ 

0.5853 (5) 


0.0699 (4) 


0.2485 (3) 


0.0272 (15) 


TT 1 AT~> 

HlUB 


A AO C 

0.6085 


A AO A /I 

0.0804 


A OATO 

0.2978 


A AO O * 

0.033* 


HlOA 


0.5607 


0.0110 


0.2441 


A AO O * 

0.033* 


Cll 


0.5512 (5) 


A 1000 { A\ 

'O.YITI (4) 


A 1 AZ'T /0\ 

0.1067 (3) 


A AOOT /I y1 \ 

0.0237 (14) 


XJ1 1 Ti 


U.D /60 


A 1 OA/T 


A 1 A/ro 

U.lUoo 


A AOC* 


TT1 1 A 

HllA 


0.5290 


0.1068 


0.0582 


A AO O ik 

0.028* 


C12 


0.6530 (5) 


AA/'CO { A\ 

0.0652 (4) 


A lOOA /0\ 

0.1339 (3) 


A AOTT /I C\ 

0.0277 (15) 


HlZB 


0.62ol 


0.0064 


A 1 ■I A1 

0.1301 


A A'3 "J * 

0.033* 


TT1 A 

H12A 


0.7219 


A ATO A 

0.0730 


0.1049 


A AO O * 

0.033* 


C13 


A 10A1 /'C\ 

-0.1891 (5) 


A OATT 

0.2937 (4) 


A 1 A A 1 /O \ 

0.1901 (3) 


A AOOO /I /'X 

0.0332 (16) 


HUB 


A OOA1 

—0.2201 


A O ^CO /I 


A 1 yl A 1 

0.1491 


A A /I A* 

0.040* 


TT1 1 A 

H13A 


A 1 TOO 

—0.1722 


A O C 1 O 

0.3512 


A 1 TC 1 

0.1751 


A A>1 AA 

0.040* 


C14 


A O O >1 A /C\ 

-0.2840 (5) 


A OACT /'C\ 

0.2957 (5) 


A ^ A £1Z f A\ 

0.2465 (4) 


A A ,1 O C /I A\ 

0.0435 (19) 


TT 1 /IT> 

H14B 


-0.3557 


A T O O O 

0.3238 


0.2272 


A ACO A 

0.052* 


H14A 


-0.3055 


0.2380 


0.2586 


0.052* 


C15 


-0.0377 (6) 


0.2934 (4) 


0.2863 (3) 


0.0327 (16) 


H15B 


-0.0116 


0.3511 


0.2778 


0.039* 


H15A 


0.0299 


0.2621 


0.3072 


0.039* 


016 


-0.1405 (6) 


0.2944 (4) 


0.3381 (3) 


0.0400(18) 


H16B 


-0.1631 


0.2365 


0.3491 


0.048* 
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H16A 


-0.1135 


0.3218 




0.3818 


0.048* 




C18 


-0.3645 (6) 


0.1021 (4) 


-0.0787 (3) 


0.0436 (19) 




H18C 


-0.3501 


0.1613 




-0.0866 


0.065* 




H18B 


-0.3028 


0.0798 




-0.0469 


0.052* 




H18A 


-0.4413 


0.0950 




-0.0583 


0.052* 




C17 


0.871 (3) 


0.0241 (16) 


0.3535 (18) 


0.036 (4) 


0.642 (9) 


H17A 


0.7852 


0.0210 




0.3501 


0.054* 


0.642 (9) 


H17B 


0.9039 


-0.0070 




0.3152 


0.054* 


0.642 (9) 


H17C 


0.8959 


0.0824 




0.3511 


0.054* 


0.642 (9) 


06 


0.9179 (6) 


-0.0147 (4) 


0.4251 (3) 


0.036 (2) 


0.642 (9) 


H6C 


0.9622 


-0.0549 




0.4175 


0.053* 


0.642 (9) 


C17A 


0.852 (6) 


0.003 (3) 


0.349 (4) 


0.036 (4) 


0.358 (9) 


H17D 


0.7676 


-0.0005 




0.3550 


0.054* 


0.358 (9) 


rll /H 


n soon 


0.0227 








U.J Jo \ y ) 


H17F 


0.8829 


-0.0514 




0.3365 


0.054* 


0.358 (9) 


07 


0.8786 (10) 


0.0741 (8) 


0.2819(7) 


0.038 (4) 


0.358 (9) 


H7C 


0.8181 


0.1026 




0.2734 


0.045* 


0.358 (9) 


Atomic displacement parameters (A^) 






JJ12 




JJ\2 






Cul 


0.0277 (4) 


0.0189 (4) 


0.0118 (4) 


-0.0113 (3) 


0.0023 (3) 


-0.0033 (3) 


cu 


0.0271 (8) 


0.0264 (8) 


0.0159 (7) 


-0.0160 (7) 


0.0033 (6) 


-0.0031 (6) 


01 


0.023 (2) 


0.020 (2) 


0.012 (2) 


-0.0105 (18) 


0.0032 (16) 


-0.0037 (16) 


Nl 


0.026 (3) 


0.023 (3) 


0.013 (3) 


-0.009 (2) 


0.001 (2) 


-0.001 (2) 


CI 


0.033 (4) 


0.021 (3) 


0.019(3) 


-0.013 (3) 


-0.001 (3) 


0.003 (3) 


Cu2 


0.0236 (4) 


0.0188 (4) 


0.0150 (4) 


-0.0094 (3) 


0.0043 (3) 


-0.0024 (3) 


C12 


0.0393 (9) 


0.0273 (9) 


0.0175 (8) 


-0.0001 (7) 


-0.0012 (7) 


-0.0093 (6) 


02 


0.051 (3) 


0.019 (2) 


0.020 (2) 


-0.018(2) 


-0.008 (2) 


0.0024(18) 


N2 


0.024 (3) 


0.022 (3) 


0.016 (3) 


-0.014 (2) 


0.000 (2) 


-0.005 (2) 


C2 


0.037 (4) 


0.022 (3) 


0.016 (3) 


-0.013 (3) 


-0.004 (3) 


0.001 (3) 


Cu3 


0.0214 (4) 


0.0258 (4) 


0.0142 (4) 


-0.0092 (3) 


0.0039 (3) 


-0.0043 (3) 


C13 


0.0488 (10) 


0.0272 (9) 


0.0140 (8) 


-0.0230 (8) 


-0.0028 (7) 


0.0018 (6) 


N3 


0.018(3) 


0.023 (3) 


0.017 (3) 


-0.015 (2) 


0.007 (2) 


-0.005 (2) 


03 


0.042 (3) 


0.018 (2) 


0.054 (3) 


-0.002 (2) 


-0.001 (2) 


0.000 (2) 


C3 


0.036 (4) 


0.022 (4) 


0.021 (3) 


-0.009 (3) 


0.000 (3) 


-0.005 (3) 


Cu4 


0.0234 (4) 


0.0209 (4) 


0.0150(4) 


-0.0086 (3) 


0.0061 (3) 


-0.0023 (3) 


C14 


0.0237 (8) 


0.0180 (8) 


0.0314(9) 


-0.0071 (6) 


-0.0004 (7) 


0.0023 (6) 


N4 


0.035 (3) 


0.020 (3) 


0.028 (3) 


-0.010(3) 


0.011 (2) 


-0.002 (2) 


04 


0.029 (2) 


0.027 (2) 


0.026 (2) 


0.002 (2) 


0.004 (2) 


-0.0033 (19) 


C4 


0.063 (5) 


0.017 (3) 


0.021 (4) 


-0.012 (3) 


-0.008 (3) 


-0.002 (3) 


C15 


0.0355 (9) 


0.0200 (8) 


0.0385 (9) 


-0.0065 (7) 


0.0196 (8) 


0.0009 (7) 


05 


0.037 (3) 


0.029 (2) 


0.026 (2) 


0.002 (2) 


0.010 (2) 


-0.002 (2) 


C5 


0.039 (4) 


0.025 (4) 


0.037 (4) 


-0.007 (3) 


-0.012 (3) 


0.008 (3) 


C16 


0.0299 (8) 


0.0292 (9) 


0.0156 (7) 


-0.0014 (7) 


0.0085 (6) 


0.0040 (6) 


C6 


0.053 (5) 


0.028 (4) 


0.054 (5) 


-0.016 (4) 


-0.023 (4) 


0.014 (4) 


C7 


0.038 (4) 


0.022 (3) 


0.017(3) 


-0.010(3) 


0.002 (3) 


-0.006 (3) 


C8 


0.030 (4) 


0.020 (4) 


0.029 (4) 


-0.010(3) 


0.001 (3) 


-0.009 (3) 
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Uo 


U.U40 (3j 


U.U34 (i) U.Uzj (zj 


A AOO 

—V.VZZ (Z) 


A AAO 

v.vvZ (z) 


A AA^ 

— U.UU3 (Z j 


cy 


U.(Jz3 (i) 


U.U45 (4) U.OiU (i) 


A A 1 A /'J \ 

— U.OiU (3) 


A AAT /"^X 

U.UU/ (3) 


A A 1 /I /"5 \ 

—0.014 (3) 




U.U33 (4) 


A A") 1 A A1 O /lA 

0.U31 (4) U.Olo (i) 


A AA/I 

— U.004 (j) 


A AAC /'^\ 

O.UOj (3) 


A AA'3 

— 0.U03 (3) 




U.Uz4 (i) 


A A-TT iA\ A AO! /lA 

v.vZ/ (4) U.Uzl (i) 


A AAO 

—yj.wZ (j) 


A A1 A 

U.UlU (3) 


A AAl 

— U.UU3 (3) 


1 o 


U.Ujd (4j 


A AOA A AOQ 

U.UzU(J^ U.Uzo (4; 


U.UUz (i ) 


A A1 O /"2^ 

U.Uiz yi) 


A AA1 /''2^ 

— U.UUi (i ) 


^ 1 "J 


U.UzD (4) 


A ACO A AOT 

U.USz (4) l).0z3 (4) 


A AA/C 

— U.UU6 (3) 


A AA1 

0.UU3 (3) 


A A 1 C \ 

—0.013 (3) 


Cl4 


U.U/D (4; 


A AC1 A AC/C 

O.UdI (D) U.030 (J) 


A A1 C 

—0.013 (3) 


A A1 

0.016 (3) 


A AO /I 

— O.Uz4 (4) 


CI J 


U.U4j (4j 


A AT/^ A AOA 

U.UjO(4^ U.UZU (j) 


U.UzU (3 j 


A AAO 

U.UUs (3) 


A AAO 

u.vvZ (3) 


C16 


0.057 (5) 


0.041 (4) 0.023 (4) 


0.023 (4) 


0.020 (3) 


0.013 (3) 


C18 


0.059 (5) 


0.044 (5) 0.028 (4) 


-0.019 (4) 


0.006 (4) 


-0.006 (3) 


C17 


0.024(11) 


0.015 (13) 0.069(7) 


-0.009 (8) 


0.001 (7) 


-0.009(11) 


06 


0.034 (4) 


0.038 (5) 0.035 (5) 


0.012(3) 


0.013 (3) 


0.001 (3) 


C17A 


0.024(11) 


0.015 (13) 0.069 (7) 


-0.009 (8) 


0.001 (7) 


-0.009(11) 


07 


0.035 (8) 


0.032 (8) 0.044 (9) 


-0.004 (6) 


-0.004 (6) 


0.013 (6) 


Geometric parameters (A, °) 


Cul— Cu3 




3.0984 (13) 


C4— H4B 




0.9700 


Cul— Cu4 




3.1002 (11) 


C4— H4A 




0.9700 


Cu2— Cu4 




3.0816(11) 


05— C14 




1.408 (7) 


Cu2— Cu3 




3.1623 (11) 


05— C16 




1.425 (7) 


Cul— Ol 




1.906 (3) 


C5— C6 




1.525 (8) 


Cul— Nl 




1.981 (5) 


C5— H5B 




0.9700 


Cul— C13 




2.4159(16) 


C5— H5A 




0.9700 


Cul— CU 




2.4224(16) 


C6— H6B 




0.9700 


Cul— C12 




2.4339 (17) 


C6— H6A 




0.9700 


Cu2— 01 




1.906(4) 


C7— C8 




1.510(8) 


Cu2— N2 




1.971 (5) 


C7— H7B 




0.9700 


Cu2— C15 




2.3917(17) 


C7— H7A 




0.9700 


Cu2— C13 




2.4386 (16) 


C8— H8B 




0.9700 


Cu2— C14 




2.4478 (17) 


C8— H8A 




0.9700 


Cu3— 01 




1.910(4) 


08— C18 




1.427 (7) 


Cu3— N3 




1.983 (5) 


08— H8 




0.8200 


Cu3— C12 




2.4011 (16) 


C9— CIO 




1.514(8) 


Cu3— C16 




2.4124(16) 


C9— H9B 




0.9700 


Cu3— C14 




2.4888 (15) 


C9— H9A 




0.9700 


Cu4— 01 




1.907 (3) 


CIO— HlOB 




0.9700 


Cu4— N4 




1.985 (5) 


CIO— HlOA 




0.9700 


Cu4— C15 




2.3788 (16) 


Cll— C12 




1.519(7) 


Cu4— C16 




2.3962 (17) 


Cll— HUB 




0.9700 


Cu4— Cll 




2.4312(16) 


Cll— HllA 




0.9700 


Nl— CI 




1.486 (7) 


C12— H12B 




0.9700 


Nl— C3 




1.488 (7) 


C12— H12A 




0.9700 


Nl— HI 




0.84 (3) 


C13— C14 




1.535 (8) 


CI— C2 




1.511 (7) 


C13— H13B 




0.9700 


CI— HIB 




0.9700 


C13— H13A 




0.9700 


CI— HI A 




0.9700 


C14— H14B 




0.9700 


02— C4 




1.427 (7) 


C14— H14A 




0.9700 
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02— C2 
N2— C5 
N2— C7 
N2— H2 
C2— H2B 
C2— H2A 
N3— Cll 
N3— C9 
N3— H3 

03— C6 

03— C8 
C3— C4 
C3— H3B 
C3— H3A 
N4— C13 
N4— C15 
N4— H4 

04— C12 
04— CIO 



1.437 (6) 

1.499 (7) 

1.500 (6) 
0.84 (3) 
0.9700 
0.9700 
1.490 (6) 
1.494 (7) 
0.84 (3) 
1.410 (7) 
1.425 (7) 
1.520 (7) 
0.9700 
0.9700 
1.479 (8) 
1.485 (7) 
0.84 (3) 

1.429 (6) 

1.430 (6) 



C15— C16 
C15— H15B 
C15— H15A 
C16— H16B 
C16— H16A 
C18— H18C 
C18— H18B 
C18— H18A 
CI 7— 06 
C17— H17A 
C17— H17B 
C17— H17C 

06— H6C 
C17A— 07 
C17A— H17D 
C17A— H17E 
C17A— H17F 

07— H7C 



1.540 (8) 

0.9700 

0.9700 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

1.55 (4) 

0.9600 

0.9600 

0.9600 

0.8200 

1.72 (6) 

0.9600 

0.9600 

0.9600 

0.8200 



01— Cul— Nl 
01— Cul— C13 
Nl— Cul— C13 
01— Cul— Cll 
Nl— Cul— Cll 
C13— Cul— Cll 
01— Cul— C12 
Nl— Cul— C12 
C13— Cul— C12 
Cll— Cul— C12 
01— Cul— Cu3 
Nl— Cul— Cu3 
C13— Cul— Cu3 
Cll— Cul— Cu3 
C12— Cul— Cu3 
01— Cul— Cu4 
Nl— Cul— Cu4 
C13— Cul— Cu4 
Cll— Cul— Cu4 
C12— Cul— Cu4 
Cu3— Cul— Cu4 
Cul— Cll— Cu4 
Cul— 01— Cu2 
Cul— 01— Cu4 
Cu2— 01— Cu4 
Cul— 01— Cu3 
Cu2— 01— Cu3 
Cu4— 01— Cu3 



179.09(17) 
85.30(11) 
93.84 (14) 
85.71 (11) 
95.05 (14) 
125.72 (6) 
85.30 (12) 
94.80 (15) 
116.21 (6) 
116.18 (6) 
35.75 (11) 
144.42 (15) 
103.64 (4) 
99.23 (4) 
49.68 (4) 
35.61 (10) 
145.08 (14) 
102.60 (4) 
50.43 (4) 
104.84 (5) 
60.45 (3) 
79.40 (5) 
109.96(17) 
108.80(16) 
107.83 (18) 
108.59 (18) 
111.93 (17) 
109.68 (17) 



01— Cu4— Cu2 
N4— Cu4— Cu2 
C15— Cu4— Cu2 
C16— Cu4— Cu2 
Cll— Cu4— Cu2 

01— Cu4— Cul 
N4— Cu4— Cul 
C15— Cu4— Cul 
C16— Cu4— Cul 
Cll— Cu4— Cul 
Cu2— Cu4— Cul 
Cu2— C14— Cu3 
C13— N4— C15 
C13— N4— Cu4 
C15— N4— Cu4 
C13— N4— H4 
C15— N4— H4 
Cu4— N4— H4 
C12— 04— CIO 

02— C4— C3 
02— C4— H4B 
C3— C4— H4B 
02— C4— H4A 
C3— C4— H4A 
H4B— C4— H4A 
Cu4— C15— Cu2 
C14— 05— C16 
N2— C5— C6 



36.08 (11) 
143.64(15) 
49.94 (4) 
103.27 (4) 
106.43 (4) 
35.59 (10) 
143.93 (15) 
100.78 (4) 
102.56 (5) 
50.18 (4) 
60.67 (3) 
79.67 (5) 
109.9 (5) 
112.9(4) 
112.7(4) 

105 (4) 

106 (4) 
110(4) 
108.9 (4) 
111.4 (5) 
109.4 
109.4 
109.4 
109.4 
108.0 
80.48 (5) 

109.0 (5) 

111.1 (5) 
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Ci — JN 1 — C3 


1 AO 1 

luy.J (4) 


r~y \ XT1 /^,, 1 

CI — Nl — Cul 


113.4 (3) 


C3 — ^Nl — Cul 


11/1'** 

114.2 (3) 


/~1 1 "KTI TT1 

CI — ^Nl — HI 


1 1 //< \ 

112(4) 


/"^O XT1 TT1 

C3 — H\ — HI 


104 (4) 


/—I 1 XT 1 T T 1 

Cul — Nl — ^Hl 


103 (4) 


XT1 f^f^ 

Nl — CI — C2 


1 1 '> A / C\ 

113.0 (5) 


XT 1 1 TT 1 T~> 

Nl — LI — HIB 


1 r\c\ c\ 

109.0 


Cz — C 1 — H i b 


1 An A 

loy.o 


XT 1 1 T T 1 A 

Nl — CI — Hi A 


1 An A 

109.0 


f~^'^ 1 TT1 A 

Cz — CI — ^HIA 


109.0 


TT1T~> TT1A 

Hlb — CI — HIA 


1 AT O 

107.6 


Ul — Cuz — Nz 


1 /y.zD (1 /) 


Ol — Cuz — C15 


OC CC /11\ 

85.55 (11) 


N2 — Cu2 — C15 


A /I 1 /' / 1 C\ 

94.16 (15) 


Ol — Cu2 — C13 


84.66 (11) 


N z — Cuz — C13 


9o.09 (14) 


C15 — Cuz — C13 


11c AA /^\ 

115.09 (6) 


Ol — Cu2 — C14 


OA Ol /11\ 

84.81 (11) 


N2 — Cu2 — C14 


A A OA / 1 y1 \ 

94.80 (14) 


/^l/l 

ClD — Cuz — C14 


iz4. /O (0) 


C13 — Cu2 — C14 


1 1 T A^ /^\ 

117.96 (6) 


Ol — Cu2 — Cu4 


■~> f A A / 1 A\ 

36.09 (10) 


N 2 — Cu2 — Cu4 


143.56 (14) 


/"'IC ^Tl'*) /"'tt/I 

ClD — Cuz — Cu4 


Ac\ CO 
49.58 (4) 


C13 — Cu2 — Cu4 


1 A^ CO ^ A\ 

102.58 (4) 


C14 — Cu2 — Cu4 


1AT / A\ 

103.37 (4) 


0 1 — Cu2 — Cu3 


'5 /I A"? / 1 A\ 

34.07 (10) 


N z — Cuz — Cu3 


1 /IC O /"I /l\ 

145.52 (14) 


C15 — Cu2 — Cu3 


1A/1 Ol 

104.81 (4) 


C13 — Cu2 — Cu3 


1 A 1 '~\C\ /C\ 

101.29 (5) 


C14 — Cu2 — Cu3 


50.74 (4) 


Cu4 — Cu2 — Cu3 


CA AC 

59.95 (2) 


Cu3 — C12 — Cul 


TA TA 

79.70 (5) 


C4 — (Jz — Cz 


1 1 A O / A\ 

110.8 (4) 


/~<c xy^ /"^T 

C5 — Nz — C7 


1 AT A /CX 

107.9 (5) 


C5 — N2 — Cu2 


115.4 (3) 


C7 — N2 — Cu2 


113.3 (3) 


C5 — N2 — H2 


104 (4) 


/"IT XT*^ TT*^ 

C7 — ^N2 — ^H2 


1 1 A / A\ 

110 (4) 


Cu2 — N2 — H2 


106 (4) 


02 — C2 — CI 


111.1 (4) 


02 — Cz — HzB 


1 Afi /I 

109.4 


CI— C2— H2B 


109.4 


02— C2— H2A 


109.4 


CI— C2— H2A 


109.4 


H2B— C2— H2A 


108.0 


01— Cu3— N3 


178.62 (17) 



XT1 C TTCTl 

N2 — C5 — H5B 


109.4 


C6 — C5 — ^H5B 


109.4 


N2 — C5 — ^H5A 


109.4 


f^C TTC A 

C6 — C5 — ^H5A 


1 AA A 

109.4 


H5B — C5 — H5A 


108.0 


Cu4 — C16 — Cu3 


80.92 (5) 


03 — C6 — C5 


111.9 (5) 


03 — C6 — H6B 


109.2 


C5 — C6 — H6B 


109.2 


03 — C6 — H6A 


109.2 


C5 — C6 — ^H6A 


109.2 


H6B — C6 — H6A 


107.9 


XT'^ /""■" ~7 /^O 

N2 — C7 — C8 


110.7 (5) 


N2 — C7 — ^H7B 


1 AA C 

109.5 


C8 — C7 — H7B 


109.5 


N2 — C7 — H7A 


109.5 


O TTT A 

C8 — C7 — H7A 


109.5 


H7B — C7 — H7A 


108.1 


03 — C8 — C7 


111.6 (5) 


03 — C8 — ^H8B 


109.3 


i^^n /~^0 TTOT> 

C7 — Co — HoB 


1 AA '> 

109.3 


TTO A 

03 — C8 — ^H8A 


109.3 


C7 — C8 — H8A 


109.3 


TTOTl O TTO A 

H8B — C8 — H8A 


108.0 


1 O r\0 TTO 

CI 8 — 08 — H8 


1 AA C 

109.5 


N3 — C9 — CIO 


111.6 (5) 


N3 — C9 — H9B 


109.3 


CIO — C9 — H9B 


109.3 


XTI /~^A TTA A 

N3 — C9 — ^H9A 


1 AA 

109.3 


CIO — C9 — H9A 


109.3 


H9B — C9 — H9A 


108.0 


04 — CIO — C9 


111.9 (5) 


r\A 1 A TT1 An 

U4 — CIO — HIOd 


1 AA ^ 

109.2 


C9 — CIO — HI OB 


109.2 


04 — CIO — HI OA 


109.2 


/~1 A /~i 1 A TT 1 A A 

C9 — CIO — HlOA 


109.2 


H 1 OB — C 1 0 — H 1 OA 


107.9 


X T'> ^ "* 1 1 /—I 1 ^ 

N3 — Cll — C12 


112.2 (5) 


XTO 11 T T 1 1 T~i 

N3 — Cll — HUB 


109.2 


1 11 TT 1 1 "r» 

C12 — Cll — ^HllB 


109.2 


X T'> /— 1 1 1 TT1 1 A 

N3 — Cll — HllA 


109.2 


y— 1 "1 ^ /—I 11 T T "1 1 A 

C12 — Cll — HllA 


109.2 


HUB— Cll— HllA 


107.9 


04— CI 2— Cll 


111.0 (5) 


04— CI 2— HI 2B 


109.4 


Cll— C12— H12B 


109.4 


04— C12— H12A 


109.4 


Cll— C12— H12A 


109.4 
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supporting information 



U 1 — Lui — Clz 


00.15 (11) 


N3 — Cu3 — C12 


92.75 (14) 


Ol — C.u3 — C16 


84.43 (11) 


N3 — C.u3 — Clo 


95.50 (14) 


C12 — Cu3 — Clo 


123.83 (6) 


Ol — Cu3 — C14 


83.60 (11) 


N3 — Cu3 — C14 


97.65 (13) 


CI2 — Cu3 — C14 


115.83 (6) 


Clo — CuJ — C14 


1 1 /.o5 (o) 


Ol — Cu3 — Cul 


35.66 (10) 


N 3 — Cu3 — Cu 1 


143.16 (13) 


C12 — Cu3 — Cu 1 


50.61 (4) 


Clo — Cu3 — Cu 1 


1 AO 

lOz.zz (5) 


C14 — Cu3 — Cu 1 


1 A'^ A'^ f A\ 

102.02 (4) 


Ol — Cu3 — Cu2 


O /I AA /■ 1 A\ 

34.00 (10) 


N 3 — Cu3 — Cu2 


'X An A /'1'J\ 

\4/.24 (13) 


/^n /"'^^o r^,,^ 
— Cu3 — Cuz 


1U1.43 (5) 


Clo — Cu3 — Cu2 


100.61 (4) 


C14 — Cu3 — Cu2 


49.60 (4) 


Cul — Cu3 — Cu2 


59.82 (2) 


r^-m-m'^ 

Cu 1 — C13 — Cuz 


OA A^ 

80.05 (5) 


Cll — N3 — C9 


1 AA ^ //IX 

109.6 (4) 


Cll — N3 — Cu3 


113.6 (3) 


C9 — N3 — Cu3 


1 1 C H { A\ 

115.6 (4) 


1 1 XT'? TT'> 

Cll — N3 — H3 


1 C\C / A\ 

105 (4) 


/'■' (\ XT') XT') 

C9 — N3 — H3 


112(4) 


Cu3 — N3 — H3 


1 00 (4) 


/^z: /^O 

Co — 03 — C8 


1 AA A 

109.9 (5) 


XT1 

N 1 — C3 — C4 


111 A / C\ 

111.0 (5) 


■\T1 /^O TTTTl 

Nl — C3 — H3B 


109.4 


C4 — C3 — H3B 


1 AA y1 

109.4 


XT1 Ty^ A 

N 1 — C3 — Hi A 


1 AA A 

109.4 


r^A rj-i A 
C4 — C3 — H3A 


1 AA A 

109.4 


H3B — C3 — H3A 


108.0 


Ol — Cu4 — N4 


179.2 (2) 


Ol — Cu4 — L15 


OC AA / 1 '^X 

85.90 (12) 


N4 — Cu4 — C15 


AT nn / 1 c\ 

93.77 (15) 


Ol — Cu4 — Clo 


OA C\ A 

84.94 (11) 


XT/I /^l^ 

JN 4 — Cu4 — C lo 


95.81 (16) 


C15— Cu4— C16 


124.39 (6) 


01— Cu4— Cll 


85.44 (11) 


N4— Cu4— Cll 


94.15 (15) 


C15— Cu4— Cll 


121.41 (6) 


C16— Cu4— Cll 


112.31 (6) 



Ol— Cul— Cll— Cu4 5.31(12) 
Nl— Cul— Cll— Cu4 -174.19(15) 
C13— Cul— Cll— Cu4 -75.77 (7) 



T T 1 '^Tt C"' 1 'I T T 1 A 

H12B — C12 — H12A 


108.0 


N4 — C13 — C14 


111.1 (5) 


N4 — C13 — ^H13B 


1 AA A 

109.4 


C14 — C13 — ^H13B 


109.4 


N4 — C 1 3 — H 1 3 A 


109.4 


C14 — C13 — H13A 


109.4 


T T 1 1 n /~1 11 TT 1 1 A 

H13B — C13 — H13A 


108.0 


05 — C14 — C13 


111.7 (5) 


r\z 1 A TT1 /in 

U 5 — C 1 4 — H 1 4B 


1 AA 1 

109.3 


C13 — C14 — H14B 


109.3 


i^C i^A A TT1 A A 

05 — C14 — ^Hl4A 


109.3 


C13 — C14 — H14A 


109.3 


TT1 /in "l A TT1 /I A 

H14B — C14 — H14A 


107.9 


XT /I 1 ^ /~i 1 

N4 — C15 — C16 


111.0 (5) 


X T H 1 ^ T T 1 1~\ 

N4 — C15 — H15B 


109.4 


C16 — CI 5 — H15B 


109.4 


'KT A "X C T T 1 C A 

N4 — C 1 5 — H 1 5 A 


109.4 


O 1 /~i 1 ^ T T 1 C A 

C16 — C15 — H15A 


109.4 


TT1 r 1 ^ TT1 C A 

H15B — C15 — H15A 


108.0 


05 — C16 — C15 


110.6 (5) 


05 — C16 — ^H16B 


1 AA C 

109.5 


/~i 1 C /~< 1 TT1 

C15 — C16 — H16B 


109.5 


05 — C16 — H16A 


109.5 


1 C 1 T T 1 A 

C15 — C16 — H16A 


109.5 


TT1 £1 TT1 Z" A 

H16B — C16 — ^H16A 


1 AO 1 

108.1 


08 — CI 8 — H18C 


109.5 


08 — C18 — H18B 


109.5 


T T 1 0 1"^ 10 T T 1 or* 

H18C — C18 — H18B 


109.5 


f~\0 /~<10 TT10A 

08 — C18 — H18A 


1 AA C 

109.5 


T T 1 0 /" 10 T T 1 0 A 

H 1 8C — C 1 8 — H 1 8 A 


109.5 


T T 1 m~» 10 T T 1 0 A 

H18B — C18 — ^H18A 


109.5 


/~< 1 T TT1 T A 

06 — C17 — H17A 


1 AA C 

109.5 


06 — C17 — H17B 


1 AA C 

109.5 


T T 1 T A /~1 1 ^ TT 1 TT* 

H17A — C17 — H17B 


109.5 


06 — CI 7 — H17C 


109.5 


TT1 T A IT TT1 T/^* 

H17A — C17 — ^H17C 


1 AA C 

109.5 


H 1 7B — C 1 7 — H 1 7C 


109.5 


/"v'T /"I 1 ^7 A T T 1 ^ 1 — V 

07 — C17A — H17D 


109.5 


07— C17A— H17E 


109.5 


H17D— C17A— H17E 


109.5 


07— C17A— H17F 


109.5 


H17D— C17A— H17F 


109.5 


H17E— C17A— H17F 


109.5 


C17A— 07— H7C 


109.5 



C12— Cu3— N3— Cll 66.2(3) 
C16— Cu3— N3— Cll -169.4(3) 
C14— Cu3— N3— C 11 -50.3 (4) 
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sup-1 1 



supporting information 



L12 — Cul — Cll — Cu4 


87.93 (6) 


Cu3 — Cu 1 — CI 1 — Cu4 


38.51 (4) 


XT 1 1 /~\ 1 

JSI 1 — Cu 1 — 0 1 — Luz 


zz (Iz) 


CO — Cu 1 — 0 1 — Cu2 


1.49 (15) 


Cll — Cul — Ol — Cu2 


-124.93 (16) 


C12 — Cul — 0 1 — Cu2 


118.32 (16) 


Cu3 — Cu 1 — 0 1 — Cu2 


lZZ.6 (z) 


Cu4 — Cu 1 — 0 1 — Cuz 


-117.9 (3) 


JN i — Cu 1 — U i — Cu4 


140 (Iz) 


C13 — Cul — (J 1 — Cu4 


119.39 (17) 


Cll — Cul — Ol — Cu4 


—7.03 (15) 


C12 — Cu 1 — 0 1 — Cu4 


—123.79 (16) 


Cu3 — Cu i — U 1 — Cu4 


—119.3 (3) 


Nl — Cul — Ol — Cu3 


1 A1 /I '^X 

—101 (12) 


C13 — Cul — Ol — Cu3 


-121.28 (15) 


Cll — Cul — Ol — Cu3 


112.30 (15) 


C12 — Cul — O i — Cu3 


—4.45 (14) 


Cu4 — Cu 1 — 0 1 — Cu3 


119.3 (3) 


r~\'\ t"^ , , 1 TvTi 1 

Ol — Cul — Nl — CI 


-79 (12) 


C13 — Cul — Nl — CI 


—59.1 (4) 


Cll — Cui — Nl — Ci 


67.3 (3) 


C12 — Cul — Nl — CI 


—175.8 (3) 


Cu3 — Cu 1 — N 1 — C 1 


1 TA 1 /'^\ 

-179.1 (2) 


Cu4 — Cu 1 — N 1 — C 1 


59.5 (5) 


Ol — Cul — N 1 — C3 


154 (12) 


C13 — Cul — Nl — C3 


174.7 (4) 


Cll — Cul — Nl — C3 


-58.9 (4) 


C12 — Cul — N 1 — C3 


CO A A \ 

58.0 (4) 


Cu3 — Cui — N 1 — C3 


54. / (5) 


Cu4 — Cu 1 — N 1 — C3 


-66.7 (5) 


C3 — Nl — CI — C2 


—51.8 (6) 


Cul — N 1 — CI — C2 


179.4 (3) 


Cul — Ol — Cuz — Nz 


—1 /y (100) 


A /~V 1 /~i XT'! 

Cu4 — Ol — Cu2 — N2 


63 (14) 


Cu3 — 0 1 — Cuz — N z 


—58 (14) 


Cu 1 — 0 1 — Cuz — C15 


11/1 '^T /I zr\ 

114.27 (16) 


Cu4 — Ul — Cuz — CIj 


— 4.ZZ (14) 


Cu3 — 0 1 — Cu2 — C15 


1 /I AC / 1 £\ 

—124.95 (16) 


Cul — Ol — Cu2 — C13 


1 A O / ^ A\ 

—1.48 (14) 


Cu4 — 0 1 — Cu2 — C13 


1 1 A AT /I C\ 

—119.97 (15) 


Cu3 — 0 1 — Cu2 — C13 


1 1 A T A /'I zr\ 

119.30 (16) 


Cul — 0 1 — Cu2 — C14 


1 '^ A C /I /"N 

—120.25 (16) 


Cu4 — 0 1 — Cuz — C14 


I'll OC/lC\ 

izl.z5 (15) 


Cu3— 01— Cu2— C14 


0.53 (14) 


Cul— 01— Cu2— Cu4 


118.5 (2) 


Cu3— 01— Cu2— Cu4 


-120.7 (2) 


Cul— 01— Cu2— Cu3 


-120.8 (3) 


Cu4— 01— Cu2— Cu3 


120.7 (2) 



Cu 1 — Cui — N 3 — C 1 1 


n \ n f A\ 

(4) 


Cu2 — Cu3 — N3 — C 1 1 


-49.9 (5) 


0 1 — Cu3 — 3 — C9 


-129 (7) 


/"'lot O XT'5 /~^A 

C12 — Cu3 — 3 — C9 


1 A f A\ 

—165.9 (4) 


Clo — Cui — JN3 — C9 


/II C f A\ 

—41.5 (4) 


C14 — Cu3 — N 3 — C9 


nn //i\ 

77.6 (4) 


Cul — Cu3 — N3 — C9 


1 A 

—160.4 (3) 


f • , , , O XT1 /"'A 

Cu2 — Cui — N i — C9 


nn A f A\ 

11 S (4) 


C 1 — JN 1 — Ci — C4 


5Z.O (o) 


C ' , 1 XT 1 A 

Cul — N 1 — C3 — C4 


1 "7 A 1 { A\ 

—179.1 (4) 


Cul — Ol — Cu4 — N4 


C 1 /I /I \ 

-51 (14) 


Cu2 — 0 1 — Cu4 — N 4 


CO /I /I \ 

68 (14) 


Cu3 — 0 1 — Cu4 N4 


1 nf\ i c A \ 
—1 /O (64) 


Cul — Ol — Cu4 — C15 


t 1 A AA / 1 

—114.99 (16) 


Cu2 — 0 1 — Cu4 — C15 


A C /I A\ 

4.25 (14) 


Cu3 — 0 1 — Cu4 — C15 


126.36 (16) 


Cul — Ol — Cu4 — Ci6 


119.92 (1 /) 


Cu2 — 0 1 — Cu4 — C16 


1 'lA O yl /I C\ 

—120.84 (15) 


Cu3 — 0 1 — Cu4 — C16 


1 ^ O / 1 /I \ 

1.28 (14) 


Cul — Ol — Cu4 — Cll 


T A 1 /I C\ 

7.01 (15) 


Cuz — 0 1 — Cu4 — CI 1 


Iz6.z5 (15) 


Cu3 — Ol — Cu4 — Cll 


—111.64 (16) 


Cul — 0 1 — Cu4 — Cu2 


1 1 A '1 \ 

-119.2 (3) 


Cu3 — 0 1 — Cu4 — Cu2 


122.1 (2) 


Cu2 — 0 1 — Cu4 — Cu 1 


1 1 A 'l /''?\ 

119.2 (3) 


Cu3 — 0 1 — Cu4 — Cul 


-118.6 (3) 


Cul — Cll — Cu4 — 0 1 


-5.31 (11) 


Cul — Cll — Cu4 — N4 


n A AC /I zr\ 

174.05 (16) 


^■.,1 ^11 /"'IC 

Cu 1 — Cl 1 — Cu4 — C15 


nn c\n fn\ 
/ /.V/ (/) 


Cul — Cll — Cu4 — C16 


OT AO /CN 

-87.93 (5) 


Cu 1 — Cl 1 — Cu4 — Cu2 


A T7 /C\ 

24.37 (5) 


N 2 — Cu2 — Cu4 — 0 1 


1 no A 

—178.9 (3) 


/"lie /~^,,A 

C15 — Cu2 — Cu4 — 0 1 


1 n A /I ^ /I o\ 

174.46 (18) 


C13 — Cu2 — Cu4 — 0 1 


A A / 1 0\ 

62.09 (18) 


C14 — Cu2 — Cu4 — 0 1 


C 1 AC / 1 '7\ 

—61.05 (17) 


Cu3 — Cu2 — Cu4 — 0 1 


'5 T O 1 /I 

—33.81 (17) 


0 1 — Cu2 — Cu4 — N 4 


1 TO O /'>\ 

-178.8 (3) 


XT^I /" . , O /- . A XT/1 

N Z — Cuz — Cu4 — N 4 


'I O /O \ 

2.3 (3) 


/^1C /" ^ , , ^ , A XT/1 

C15 — Cu2 — Cu4 — N 4 


-4.3 (3) 


C13 — Cu2 — Cu4 — N4 


1 1 z; T /ox 

—116.7 (3) 


A ("^ . , /""■ , , A XT/1 

C14 — Cuz — Cu4 — N 4 


1 OA 1 /O \ 

IzO.l (i) 


Cu3 — Cu2 — Cu4 — N4 


1 /I T /I \ 

147.4 (3) 


0 1 — Cu2 — Cu4 — C15 


1 n A AC ( \ o\ 
—1 74.46 (18) 


N2— Cu2— Cu4— C15 


6.7 (2) 


C13— Cu2— Cu4— C15 


-112.37(7) 


C14— Cu2— Cu4— C15 


124.48 (7) 


Cu3— Cu2— Cu4— 015 


151.73 (6) 


01— Cu2— Cu4— C16 


61.48(17) 
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supporting information 



Ol — Cul — C12 — Cu3 


T /II / 1 1 \ 

3.41 (11) 


N 2 — Cu2 — Cu4 — C 16 


1 1 T /I 

—117.4 (2) 


N 1 — Cul — C12 — Cu3 


—177.51) (13) 


C15 — Cu2 — Cu4 — C16 


—124.05 (7) 


C13 — Cul — C12 — Cu3 


oc o 

85.82 (6) 


r^^^ r^^^/^ r^'\^ 

C13 — Cu2 — Cu4 — C16 


123.58 (6) 


CI 1 — Cu 1 — C12 — Cu3 


—79.46 (6) 


C14 — Cu2 — Cu4 — C16 


C\ A'^ /^\ 

0.43 (6) 


#^,,1 /^lO 

Cu4 — Cu 1 — C 12 — Cu3 


/'c\ 

—26.63 (5) 


Cu3 — Cu2 — Cu4 — C16 


£10 //I \ 

11 ,b>S (4) 


0 1 — Cu2 — N 2 — C 5 


—128 (14) 


0 1 — Cu2 — Cu4 — Cll 


—56.95 (18) 


C15 — Cu2 — N 2 — C5 


—61,2 (4) 


JN 2 — Cu2 — Cu4 — CI 1 


124.2 (2) 


Cli — Cuz — HI — C5 


54.6 (4) 


C15 — Cu2 — Cu4 — CI 1 


117.52 (7) 


C14 — Ciiz — JN z — C J 


1 /3.-> (4) 


C13 — Cuz — Cu4 — CI i 


C 1 /I 

5.14 (o) 


Cu4 — Cu2 — N 2 — C 5 


—66.2 (5) 


C14 — Cu2 — Cu4 — CI 1 


1 1 o AA /zr\ 

—118.00 (6) 


Cu3 — Cu2 — ^N2 — C5 


174.9 (3) 


Cu3 — Cu2 — Cu4 — CI 1 


AA TC /C\ 

-90.75 (5) 


0 1 — Cu2 — N 2 — C7 


-3 (14) 


0 1 — Cu2 — Cu4 — Cu 1 


T C /TO /I n\ 

-35.63 (17) 


CD — Cuz — JNz — C / 


64. U (4) 


JN 2 — Cu2 — Cu4 — Cu 1 


145.5 (2) 


C13 — Cu2 — N2 — C7 


179.8 (4) 


C15 — Cu2 — Cu4 — Cu 1 


138.84 (6) 


C14 — Cu2 — N 2 — C7 


—61.4 (4) 


C13 — Cu2 — Cu4 — Cu 1 


'~\£L An /C\ 

26.47 (5) 


Cu4 — Cu2 — N2 — C7 


58.9 (5) 


C14 — Cu2 — Cu4 — Cu 1 


f\ti no /c\ 

-96.68 (5) 


Cui — Cu2 — N2 — C / 


— 6U.U (5) 


/^..'5 i~^,,A /"'..I 

Cu3 — Cu2 — Cu4 — Cu 1 


—69.43 (3) 


C4 — (J 2 — C2 — C 1 


—57.5 (6) 


N 1 — Cu 1 — Cu4 — 0 1 


—179.0 (3) 


XT1 r^A /~^'~t r~\'^ 

Nl — CI — C2 — 02 


54.6 (6) 


C13 — Cu 1 — Cu4 — 0 1 


-62.9 (2) 


Cul — Ol — Cu3 — N3 


-33 (7) 


Cll — Cul — Cu4 — Ol 


1 TA A 

170.9 (2) 


Cuz — 0 1 — Cu3 — i 


-154 (7) 


ClZ — Cul — Cu4 — Ol 


58.9/ (19) 


Cu4 — 0 1 — Cu3 — JN 3 


86 (7) 


Cu3 — Cu 1 — Cu4 — 0 1 


'> C O /I /I A\ 

35.84 (19) 


Cul — Ol — Cu3 — C12 


4.51 (14) 


0 1 — Cu 1 — Cu4 — N4 


1 nct A /I N 

179.0 (3) 


Cu2 — 0 1 — Cu3 — C12 


—117.07 (16) 


XT1 /" ■". . 1 /" ^, . /I XT/I 

N 1 — Cul — Cu4 — N4 


A A /,1 \ 

0.0 (4) 


Cu4 — O i — Cu3 — ClZ 


123.29 (16) 


C13 — Cul — Cu4 — JN4 


116.1 (3) 


Cul — Ol — Cu3 — C16 


-120.05 (15) 


Cll — Cul — Cu4 — N4 


-10.1 (3) 


Cu2 — Ol — Cu3 — C16 


118.37 (16) 


C12 — Cu 1 — Cu4 — N4 


-122.0 (3) 


Cu4 — 0 1 — Cu3 — C16 


—1.27 (14) 


/- ■". , •-) . . 1 /~^,,/l XT/I 

Cu3 — Cul — Cu4 — N4 


1 /I C O /'J \ 

-145.2 (3) 


Cul — Ol — Cu3 — C14 


121. U6 (15) 


0 1 — Cu 1 — Cu4 — C15 


66.9/ (19) 


Cu2 — 0 1 — Cu3 — C14 


-0.52 (14) 


N 1 — Cu 1 — Cu4 — C15 


1 1 A \ 

-112.0 (3) 


Cu4 — 0 1 — Cu3 — C14 


—120.16 (16) 


/^n r~^-.,A 

C13 — Cul — Cu4 — C15 


4.12 (6) 


Cu2 — 0 1 — Cu3 — Cu 1 


—121.6 (2) 


^11 

Cll — Cul — Cu4 — C15 


—122.14 (7) 


Cu4 — 0 1 — Cu3 — Cu i 


118.8 (z) 


r^-,-,\ f~^-w^A /^ic 
ClZ — Cul — Cu4 — C15 


125.94 (6) 


/—I 1 /~V 1 /~1 T n 

Cul — Ol — Cu3 — Cu2 


121.6 (2) 


Cu3 — Cu 1 — Cu4 — C15 


1 A-^ O 1 /CN 

102.81 (5) 


Cu4 — 0 1 — Cu3 — Cu2 


-119.6 (3) 


0 1 — Cul — Cu4 — C16 


/''^ 1 A /I A\ 

-62.19 (19) 


Cul — C12 — Cu3 — Ol 


'> /I A / 1 1 \ 

—3.40 (11) 


N 1 — Cul — Cu4 — C16 


118.8 (3) 


Cul — C12 — Cu3 — N3 


175.76 (13) 


C13 — Cul — Cu4 — C16 


1 '^ C f\A ^ 

—125.04 (6) 


Cul — C12 — Cu3 — C16 


nn n /'7\ 

77.27 (7) 


Cll — Cul — Cu4 — C16 


1 AO nf\ { ii\ 

108.70 (6) 


Cul — C12 — Cu3 — C14 


OA TO /z;;\ 

—84.38 (6) 


C12 — Cul — Cu4 — C16 


-3.22 (6) 


Cul — C12 — Cu3 — Cu2 


/c\ 

—33.93 (5) 


Cu3 — Cul — Cu4 — C16 


'> C / A\ 

—26.35 (4) 


Ni — Cul — CUJ — Ol 


i /8.5 (3) 


Oi — Cul — Cu4 — Cli 


1 TA A 

— 1 /0.9 (2) 


1 /—I o 1 

C13 — Cul — Cu3 — 0 1 


61.22 (18) 


XT1 /" 1 /-I /I /—111 

N 1 — Cul — Cu4 — Cll 


10.1 (3) 


Cll — Cul — Cu3 — Ol 


—69.18 (18) 


r^\^ r^-,-,\ c^-,^A ^11 
C13 — Cul — Cu4 — Cll 


1 tn\ 
126.26 (/) 


C12— Cul— Cu3— 01 


174.18 (18) 


CI2— Cul— Cu4— Cll 


-111.92 (7) 


Cu4— Cul— Cu3— 01 


-35.70 (17) 


Cu3— Cul— Cu4— Cll 


-135.05 (5) 


Ol— Cul— Cu3— N3 


178.8 (3) 


01— Cul— Cu4— Cu2 


36.12(19) 


Nl— Cul— Cu3— N3 


-2.8 (3) 


Nl— Cul— Cu4— Cu2 


-142.8 (2) 


C13— Cul— Cu3— N3 


-120.0 (2) 


C13— Cul— Cu4— Cu2 


-26.74 (4) 



ActA Cryst. (2014). E70, m276-m2 77 



sup-1 3 



supporting information 



Cll — Cul — Cu3 — N3 


1 C\C\ C ('~\\ 

109.6 (2) 


C 1 1 — Cu 1 — Cu4 — Cu2 


1 O AA /C\ 

— 153.00 (5) 


C12 — Cul — Cu3 — N3 


-7.1 (2) 


C12 — Cul — Cu4 — Cu2 


95.09 (5) 


Cu4 — Cul — Cu3 — Hi 


1 A'y 1 /'^\ 

143.1 (2) 


Cu3 — Cul — Cu4 — Cu2 


71.95 (3) 


Ol — Cul — Lu3 — C12 


^ n A 1 o /I o\ 

—174.18 (18) 


0 1 — Cu2 — C14 — Cu3 


A '5 O /I A\ 

—0.38 (10) 


N 1 — Cul — Cu3 — C12 


4.3 (2) 


N2 — Cu2 — C14 — Cu3 


1 TO AO /^ A\ 

178.98 (14) 


C13 — Cul — Cu3 — C12 


-112.96 (7) 


C15 — Cu2 — C14 — Cu3 


OA C A /n\ 

80.54 (7) 


Lll — Lul — Cu3 — C12 


116.64 (7) 


C13 — Cu2 — C14 — Cu3 


—81.52 (6) 


Cu4 — Cul — Cu3 — C12 


150.13 (6) 


Cu4 — Cu2 — C 14 — Cu3 


A nc\ / A \ 

30.79 (4) 


L) i — Cu 1 — Cu3 — Clo 


ol.oz (18) 


(J 1 — Cu3 — C14 — Cuz 


0.38 (10) 


N 1 — Cul — Cu3 — Clo 


—119.7 (2) 


XT'? f ^ , . O A z' , . O 

N 3 — Cu3 — C14 — Cu2 


1 T A T7 / 1 /I \ 

179.77 (14) 


C13 — Cul — Cu3 — Clo 


123.05 (6) 


^1"^ ^1/1 

C12 — Cu3 — C14 — Cu2 


O*^ AC /'TX 

82.95 (7) 


Cll — Cul — Cu3 — Clo 


—73b (6) 


C16 — Cu3 — C14 — Cu2 


nr\ o /I 

-79.84 (6) 


C12 — Cul — Cu3 — Clo 


—124.00 (7) 


Cu 1 — Cu3 — C14 — Cu2 


'J 1 AA / A\ 

31.09 (4) 


Cu4 — Cul — Cu3 — Clo 


26.13 (4) 


Ol — Cu4 — ^N4 — C13 


'> /I /l\ 

-3 (14) 


Ol — Cul — Cu3 — C14 


^ A CI /I 0\ 

—60.51 (lo) 


/^l C /" ■". . /I XT/I 1 1 

C15 — Cu4 — N4 — C13 


1 A //I \ 

6 1 .4 (4) 


N 1 — Cul — Cu3 — C14 


118.0 (2) 


r^AH . . A XT/1 1 o 

C16 — Cu4 — N4 — C 1 3 


1 T) C //I \ 

-173.5 (4) 


C13 — Cul — Cu3 — C14 


0. /Z ip) 


Cll — Cu4 — JN 4 — C 1 3 


—60.5 (4) 


Cll — Cul — Cu3 — C14 


1 "^n /c\ 

—129.69 (5) 


Cu2 — Cu4 — N 4 — C 1 3 


64.7 (5) 


C12 — Cul — Cu3 — C14 


113.67 (7) 


/'"■ 1 /"I /I XT /I -I -7 

Cu 1 — Cu4 — N4 — C 1 3 


-52.8 (5) 


Cu4 — Cul — Cu3 — C14 


A^ -^A /'C\ 

—96.20 (5) 


r\'\ /~^,, A XT/1 Z^ 1 c 

Ol — Cu4 — N4 — C15 


1 '^ o 1 /I \ 

-128 (14) 


U 1 — Cu 1 — Cu3 — Cu2 


—33.44 (1 /) 


C15 — CU4 — JN4 — C 1 5 


—63.8 (4) 


N 1 — Cul — Cu3 — Cu2 


145.0 (2) 


C16 — Cu4 — N4 — CI 5 


61.3 (4) 


C13 — Cu 1 — Cu3 — Cu2 


TO /C\ 

27.78 (5) 


/^l 1 /~i /I XT /I /" 1 C 

Cll — Cu4 — N4 — C 1 5 


1 T /I T / /I \ 

174.3 (4) 


Cll — Cul — Cu3 — Cu2 


1 AT zn //I \ 

—102.63 (4) 


/^,,/1 XT/I 1 C 

Cu2 — Cu4 — N 4 — C 1 5 


—60.5 (5) 


^^^^ r^-.-.'i ^,^1 
Clz — Cul — Cu3 — Cuz 


140. /3 (6j 


Cu i — Cu4 — JN 4 — C i 5 


1 TO A /'■3^ 

—1 /8.0 (3) 


Cu4 — Cul — Cu3 — Cu2 


-69.14 (2) 


C2 — 02 — C4 — C3 


59.6 (6) 


N2 — Cu2 — Cu3 — 0 1 


178.9 (3) 


XT1 /"^T /I r\'~\ 

N 1 — C3 — C4 — 02 


-57.8 (6) 


C15 — Cu2 — Cu3 — (J 1 


C7 "TA / 1 0\ 

57.70 (18) 


0 1 — Cu4 — C15 — Cu2 


—3.26 (11) 


C13 — Cuz — Cu j — U 1 


— 6z.j0 (lo) 


JN4 — Cu4 — C15 — Cuz 


i / /.42 (15) 


C14 — Cu2 — Cu3 — 0 1 


ITA /10\ 

-179.32 (18) 


C16 — Cu4 — C15 — Cu2 


77.75 (7) 


Cu4 — Cu2 — Cu3 — 0 1 


Ol /lOX 

35.81 (18) 


Cll — Cu4 — C15 — Cu2 


O C O O /T\ 

-85.38 (7) 


0 1 — Cu2 — Cu3 — N 3 


178.9 (3) 


Cu 1 — Cu4 — C15 — Cu2 


T C T /I /C\ 

—35.74 (5) 


JN 1 — Cu2 — Cu3 — JN 3 


-2.2 (3) 


U 1 — Cuz — Co — Cu4 


3.2/ (11) 


C15 — Cu2 — Cu3 — N3 


-123.4 (2) 


N2 — Cu2 — C15 — Cu4 


1'7/' A/1 /I A\ 

—176.04 (14) 


C13 — Cu2 — Cu3 — N3 


116.6 (2) 


C13 — Cu2 — C15 — Cu4 


O C 1/1 / /'\ 

85.24 (6) 


A XT'? 

C14 — Cuz — Cu3 — N 3 


-0.4 (2) 


C14 — Cu2 — C15 — Cu4 


T? '^O /TN 

—77.28 (7) 


Cu4 — Cu2 — Cu3 — N 3 


— 145.3 (z) 


Cu3 — Cu2 — C15 — Cu4 


-25.09 (5) 


Ol — Cu2 — Cu3 — C12 


C A1 /10\ 

65.01 (18) 


C7 — N2 — C5 — C6 


53.4 (7) 


N2 — Cu2 — Cu3 — C12 


-116.1 (2) 


Cu2 — N2 — C5 — C6 


-178.7 (4) 


C15 — Cu2 — Cu3 — C12 


122.72 (6) 


0 1 — Cu4 — C16 — Cu3 


—0.96 (11) 


C13 — Cu2 — Cu3 — C12 


2.71 (6) 


N4 — Cu4 — C16 — Cu3 


1 TO A 1 /I C\ 

178.91 (15) 


C14 — Cu2 — Cu3 — C12 


-114.30 (7) 


C15 — Cu4 — C16 — Cu3 


o '^ /I o 

-82.48 (7) 


r^-,-,A r^',-,'^ ^,,'3 

Cu4 — Cu/ — Cu3 — C12 


1 AA 

100.82 (5) 


Cll — Cu4 — C16 — Cu3 


d AA /£\ 

8z.00 (6) 


Ol— Cu2— Cu3— C16 


-62.99 (18) 


Cu2— Cu4— C16— Cu3 


-32.26 (5) 


N2— Cu2— Cu3— C16 


115.9(2) 


Cul— Cu4— C16— Cu3 


30.15 (4) 


C15— Cu2— Cu3— C16 


-5.29 (6) 


01— Cu3— C16— Cu4 


0.96(11) 


C13— Cu2— Cu3— C16 


-125.29 (6) 


N3— Cu3— C16— Cu4 


-177.65 (13) 


C14— Cu2— Cu3— C16 


117.69(6) 


C12— Cu3— C16— Cu4 


-80.61 (7) 
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Cu4 — Cu2 — Cu3 — Clo 


in { A\ 

-27.19 (4) 


C14 — Cu3 — Clo — Cu4 




OA ZTA f £L\ 

80.69 (6) 


0 1 — Cu2 — Cu3 — C14 


179.32 (l6) 


Cul — Cu3 — Clo — Cu4 




OA IT / A'\ 

—30.13 (4) 


N2 — Cu2 — Cu3 — C14 


-1.8 (2) 


Cu2 — Cu3 — Clo — Cu4 




1 A A ( A\ 

31.00 (4) 


C15 — Cu2 — Lu3 — L14 


—122.98 (7) 


^0 r\'^ r^c r^c 

C8 — 03 — Co — C5 




59.0 (7) 


C13 — Luz — CuJ — C14 


117.02 (7) 


xn r^c r^n 

N2 — C5 — Co — 03 




cn 1 /o\ 

—57.1 (8) 


Cu4 — Cu2 — Cu3 — C14 


AAA OO /C\ 

-144.88 (5) 


C5 — N2 — C7 — C8 




-54.6 (6) 


Ol — Cu2 — Cu3 — Lul 


35.07 (18) 


XT'** /"^T /*^0 

Cu2 — N2 — C7 — C8 




176.3 (4) 


N 2 — Cu2 — Cu3 — Cu 1 


— 146.0 (2) 


i~^o r~^n 

Co — 03 — Co — C7 




—60.3 (6) 




ni TO /c\ 
92. /5 \p) 


XTO (^n t~^o r\'y 
JN2 — C / — Co — U3 




j9.2 (6) 


C13 — Cu2 — Cu3 — Cu 1 


—27.23 (4) 


1 1 XTO /^A 1 A 

Cll — N3 — C9 — CIO 




CA A /zr\ 

—50.0 (6) 


C14 — Cu2 — Cu3 — Cu 1 


—144.24 (5) 


Cu3 — N 3 — C9 — C 1 0 




1 TA A //I \ 

—179.9 (4) 


Cu4 — Cu2 — Cu3 — Cu 1 


-7 /"V 00 /ox 

70.88 (3) 


C 1 2 — 04 — C 1 0 — C9 




-61.3 (6) 


Ul — Cui — cu — Cuz 


1 11 / 1 1 \ 

-1.11 (11) 


JN i — C9 — C i 0 — U4 




56.0 (6) 


Nl — Cul — C13 — Cu2 


179.20 (14) 


i~^C\ XT'> 1 1 Z*' 1 

C9 — N3 — Cll — C12 




50.6 (6) 


Cll — Cul — C13 — Cu2 


OA 1 "7 /TX 

80.17 (7) 


Cu3 — N3 — C 1 1 — C 1 2 




-178.5 (4) 


C12 — Cul — C13 — Cu2 


-83.52 (6) 


C 1 0 — 04 — C 1 2 — C 1 1 




61.0 (6) 


/^n 

Cu3 — Cul — C13 — Cu2 


O AT /C\ 

—32.03 (5) 


XT'? /^l-^ / A A 

N 3 — C 1 1 — C 1 2 — (J4 




—57.2 (6) 


Cu4 — Cu 1 — C13 — Cu2 


30.21 (5) 


C15 — ^N4 — C13 — C14 




-51.3 (6) 


Ol — Cu2 — C13 — Cul 


1.11 (11) 


A XT /I 1 T /—I 1 /I 

Cu4 — N4 — C 1 3 — C 14 




1 T 0 A / A\ 

-178.0 (4) 


N2— Cu2— C13— Cul 


-178.92 (15) 


C16— 05— C14— C13 




-61.9(7) 


L-i J — cuz — L-i J — cu 1 




IN 4 CI J C14 — yjj 




D/.4 (/) 


C14— Cu2— €13— Cul 


82.34 (6) 


C13— N4— C15— C16 




52.0 (6) 


Cu4— Cu2— C13— Cul 


-30.41 (5) 


Cu4— N4— C15— C16 




178.8 (4) 


Cu3— Cu2— C13— Cul 


30.99 (5) 


C14— 05— C16— C15 




62.0 (7) 


01— Cu3— N3— Cll 


103 (7) 


N4— CI 5— CI 6— 05 




-57.9 (7) 


Hydrogen-bond geometry (A, °) 


D—Yi-A 


Z)— H 


Yi-A 


D-A 


D—n-A 


Nl— Hl-05' 


0.84 (3) 


111 (3) 


3.060 (6) 


111 (5) 


N2— H2-06" 


0.84 (3) 


2.18(3) 


2.987 (8) 


161 (5) 


N3— H3-08"' 


0.84 (3) 


2.05 (3) 


2.871 (6) 


167 (5) 


N4— H4-07'' 


0.84 (3) 


2.30 (3) 


3.121 (12) 


165 (5) 


07— H7C-04 


0.82 


1.92 


2.531 (12) 


130 


08— H8- ■02 


0.82 


1.91 


2.724 (6) 


173 


06— H6C-C14^ 


0.82 


2.39 


3.209 (7) 


177 



Symmetry codes: (i) 1/2, -jH-1/2, z-1/2; (ii) x-1/2, ->H-l/2, z-1/2; (iii) -x, -y, -z; (iv) z; (v) -rf 3/2, ;^l/2, -z+1/2. 
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